TABLES
Pag;e (FWS, 1980) . Alternatives specific to habitat reclamation were:
Alternative 3. USN/DOE shall prepare a Master Plan for the restoration of disturbed habitat on NPR-1. The goal of restoration should be equalling optimum carrying capacity on disturbed habitat to that found on comparable native habitat. . . . We further believe, . . . that NPR-2 be given the same consideration for restoration.
Alternative 4. USN/DOE shall commit to the carrying out a compensatiodmitigation plan which will . . . offset impacts resulting from MER.
The plan should include, . . . off-site purchase of habitat that would otherwise be lost to development, restoration of destroyed habitat, and/or increased carrying capacity of disturbed habitat.
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The Navy and, subsequently, DOE supported research on endangered species including the investigation of successful reclamation techniques for NPRC , which resulted in the completion of a Habitat Restoration Plan for NPR-1 in 1985 (O'Farrell and Mitchell, 1985) . The Habitat Restoration Plan provided a background of arid land reclamation, a synopsis of reclamation research completed from 1981 to 1983 on NPR-1, and established an approach for meeting the goal of rehabilitating habitat disturbed by oil and gas production activities as a result of MER. Even though the Plan did not include acreages or schedules for restoring equivalent on-site acreage to that lost from MER activities DOE began reclaiming large acreages of disturbed lands on NPR-1 in the fall of 1985.
During the same time as reclamation techniques and plans were being developed, research began on the San Joaquin kit fox and blunt-nosed leopard lizard, the only two species listed as either threatened or endangered at that time. Results of the studies on the two species were important so that FWS would be able to more specifically assess the overall impacts of MER. After several years of research, Biological Assessments on the impacts of MER on the San Joaquin kit fox and blunt-nosed leopard lizard were completed. In addition several topical reports containing the results of the endangered species studies carried out by DOE since the early 1980s were published. With this information formal consultation was requested by DOE on July 1, 1986 on the petroleum development program at maximum efficient rate at NPR-1. A non-jeopardy opinion was rendered by FWS in 1987. Replacement of endangered species habitats lost to project-related actions was one of the reasonable and prudent measures specified to minimize incidental take. To implement this measure, FWS required DOE to meet the following terms and conditions:
1) Complete an inventory of disturbed parcels and acreages at NPR-1 that may be revegetated to offset loss of habitat.
2) Develop a 10 year program specifying time frames and acreages, with the overall objective of restoring (at a minimum) equivalent on-site acreage to that lost from prior project related actions.
3) Examine alternatives, including other means as determined feasible on site, to offset the on-site loss of San Joaquin kit fox habitat.
The inventory of disturbed parcels of land on NPR-1 was completed in early FY89. As was recognized by FWS, preparation of the 10 year program was dependent upon the completion of the inventory. However, in a good faith effort to comply with the measures specified by FWS in the 1980 Biological Opinion, DOE initiated a habitat reclamation program in 1985 and has continued reclamation work on a year by year basis. Beginning in 1987 all sites that had been reclaimed were monitored to determine if the program had been successful in restoring plant cover on disturbed lands. O'Farrell and Mitchell (1985) , a reclamation plan specific to work in 1985 (Wolfe, 1986a) , a reclamation plan for the steamflood project (Wolfe, 1986b) , and a summary of reclamation work on NPR-1 (Anderson, 1987) . In more recent years FWS and other agencies have received an update of the program in the form of annual reports and program reviews.
FWS and California Department of Fish and Game (CDFG) are members of an Endangered Species Advisory Committee formed by DOE in 1989. The committee meet 3-4 times each year and during those meetings members were briefed on the progress of reclamation at NPR-1 and have made comments on certain aspects of the reclamation program.
The first draft of a Reclamation Plan for NPR-1, which included acreages, schedules, and alternative means to offset the loss of habitat, was prepared in 1989 following completion of the disturbance mapping project. The document was sent to FWS and CDFG, and both agencies provided comments, which have been incorporated into this document. Since the first version in 1989, the Plan has gone through several revisions. However, the purpose is still to establish a strategy and methodology to compensate for the loss of habitat on NPR-1 due to MER activities.
OBJECTIVES
The overall objective of this document is provide specific information relating to the on-site habitat restoration program at NPRC. The specific objectives, which relate to the terms and conditions that must be met by DOE as a means of protecting the San Joaquin kit fox from incidental take (U.S. Fish and Wildlife Service, 1987, page 21) are to:
1) determine the amount and location of disturbed lands on NPR-1 and the number of acres disturbed as a result of MER activities, 2) develop a long term (10 year) program to restore an equivalent on-site acres to that lost from prior project-related actions, and 3) examine alternative means to offset kit fox habitat loss. The amount of land disturbed on NPR-1 prior to MER is estimated to be 3,603 acres using e a dot grid methodology (Bryant, 1943; Mosby, 1980; EG&G/EM, 1987 Pipelines and seismic activities are non-federal, third party projects for which compensation will be by the third party at the time of the project. Subtracting the amount of disturbance resulting from pipeline and seismic surveys (4,369 acres) gives a more accurate estimate of 878 acres that will be disturbed on NPR-1 in future years as a result of DOE activities.
Land Disturbances on NPR-2
FWS recommended in the 1980 Biological Opinion that restoration of disturbances located on NPR-2 be considered for restoration to compensate for habitat loss on NPR-1 (U.S. Fish and Wildlife Service, 1980, page 17) . This recommendation was the motivation to map disturbances on NPR-2, although NPR-2 is not subject to development under MER.
Based on 1988 aerial photography, 1,357 acres of land was classified as disturbed on NPR-2 (Appendix A). Mapping disturbed lands on NPR-2 was accomplished using the same procedures as those used on NPR-1 and was completed in the spring of 1992. Reclamation of disturbed habitat on NPR-1 has taken place at an operational level since 1985. All historic disturbances on NPR-1 that were no longer needed for oil and gas production activities were revegetated by the end of 1992. Between 1985 and 1992 approximately 1,05 1 acres were revegetated on NPR-1: 850 acres of historically disturbed lands no longer needed for oil and gas production, 142 acres of contemporaneous disturbances, and 59 acres of abandoned wells or other facilities (Table 1 ).
COMPENSATION FOR HABITAT LOSS

Future Reclamation: New Disturbances
Approximately 300 acres of the 878 acres that will be disturbed by oil and gas production activities over the next 30 years will be reclaimed (DOE, 1994). Based on information recorded during endangered species preactivity surveys 34% of the land that is disturbed is revegetated. About 405 acres were disturbed in FY90 and FY91 and 139 of those acres were revegetated. Using this same percentage (34%), it is estimated that of the 878 acres that will be disturbed between 1992 and 2025, 300 acres will be contemporaneously reclaimed (Table 1 ).
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Future Reclamation: Abandoned Facilities
Approximately 1,639 acres of habitat disturbed by the abandonment of oil and gas production facilities will be reclaimed between 1992 and 2025, About 1,080 wells will be removed from production and will be abandoned (EG&G/EM, 1990) . Based on the assumption that each well pad occupies 2.0 acres, 2,160 acres of abandoned well pads could potentially be reclaimed. However, not all abandoned well sites can be reclaimed. Many sites are adjacent (within 100 feet) to an active well and abandonment of the site is not possible. The number of such well sites is estimated to be 3 1 % of the total number of new wells, using information provided in the Biological Assessment (EG&G/EM, 1990). It is estimated that the inverse, or 69% of wells totalling 1,490 acres, will be isolated wells and could be reclaimed.
Associated with each well are access roads that can be abandoned and revegetated. Based on the same assumptions used previously, approximately 149 acres of road will be abandoned and revegetated over the next 30 years (1,080 wells x 69% x 0.2 acres of road for each well = 149 acres). This brings the total for all abandoned facilities to 1,639 acres (Table 1 ).
Land Acquisition
As part of the overall program to compensate for the loss of habitat due to activities associated with MER, parcels of land on NPR-1 may be acquired that are currently not under the jurisdiction of DOE. The lands under consideration are historically known to be habitat for several endangered species. Acquisition of the lands by DOE may insure their protection. Two parcels are located in Section 22s and total 480 acres. The San Joaquin kit fox, blunt-nosed leopard lizard, giant kangaroo rat and Hoover's wooly-star are all known to occur either on the two parcels of land or on adjacent lands. Although within NPR-1 boundaries, the parcels of land are accessible to the public. The land is subject to grazing, off-road vehicle use, and agricultural use. DOE has no control over access to the site. The parcels of land have been historically cultivated and/or grazed and some rehabilitation of the lands may be necessary. Acquisition of the land would provide an opportunity to not only protect, but possibly enhance the land as endangered species habitat.
Naval Petroleum Reserve
No. 2
Reclamation Completed
Over the past five years, 125 acres of disturbed lands on NPR-2 have been revegetated. These were areas disturbed prior to the enactment of the Endangered Species Act and reclamation was performed by lessees. Phillips Petroleum Company abandoned all wells and facilities in Section 30G. Upon completion of the project approximately 25 acres of disturbed land was revegetated. Unocal completed a similar abandonment and clean-up project on a 320-acre lease in Section 34B. Wells were abandoned and old pipes were removed and 5 acres were reclaimed. A waste water sump in Section 34B covering about 25 acres was abandoned several years ago and has naturally revegetated. A waste water sump and facility in Section 18B were recently abandoned and revegetated. The total area reclaimed was 70 acres.
Future Reclamation: Abandoned Facilities
Oil and gas production activities on NPR-2 are on a decline and over the next 30 years it is anticipated that facilities will be abandoned and the land will be returned to its prior use, wildlife habitat. The exact acreage is not available, howiver, an estimate of 495 acres is made based on the same percentage of existing wells on NPR-1 and the 
'The use of the term 'revegetation' or 'reclamation' does not infer that the site supports a vegetative cover equal to adjacent undisturbed land, rather that the site was prepared (ripped and/or disked), seeded and mulched.
number that will be abandoned through the year 2025. On NPR-1 there are approximately 2,016 wells and 1,080 are proposed to be abandoned over the next 30 years (Section 1.4.3.2) which is about 54%. The number of existing wells on DOE-administered lands on NPR-2 is approximately 61 1. If 54% are abandoned, about 330 wells will be abandoned. Based on 1.5 acres of facilities associated with each well (Section 1.4.3.2), it is estimated that 495 acres (1.5 acres time 330 wells) could be reclaimed as a result of the abandonment of existing wells on NPR-2 (Table 2 ).
Future Reclamation: Historic Disturbances
As many as 135 acres of disturbed lands on NPR-2 could potentially be reclaimed over the next 30 years. Potential reclamation sites were identified during the disturbance mapping project recently completed for DOE-administered lands on NPR-2. 'The use of the term 'revegetation' or 'reclamation' does not infer that the site supports a vegetative cover equal to adjacent undisturbed land, rather that the site was prepared (ripped and/or disked), seeded and mulched.
Of the 1,357 acres that are disturbed on NPR-2 (Appendix A, Table A-2) approximately 377 acres could be considered for reclamation. The 377 acres are comprised of well pad sumps, diked washes, trails, soil borrow or scraped areas, all types of disturbances that are least likely to be needed for ongoing oil and gas production activities. On NPR-1 2,325 acres were inventoried and 850 acres of historically disturbed sites (Section 1.4.1) were reclaimed. Based on this same percentage of acres inventoried to The percentage may actually be higher because oil and gas production activities on NPR-2 are on a decline.
The locations of the potential reclamation sites on NPR-2 were plotted on GIS generated maps (U.S. Department of Energy, Remote Sensing Laboratory, EG&G/EM, SIGIS Section, Map No. NPR1-92-01.8). Each potential reclamation site under DOE administration and not under lease will be evaluated and if approved will be reclaimed. Sites on DOE leased lands will also be evaluated, however, it will be the responsibility of the lessee to reclaim the land. DOE will encourage lessees to restore lands to their predisturbance use to the extent possible under the lease agreement.
1.4.2.4
Land Acquisition DOE will consider the cancellation of leases on NPR-2 so lands can be managed for endangered species. One such lease to be evaluated is with the City of Taft on Section 18D, NPR-2. The City of Taft currently leases the land for the discharge of waste water from their nearby water treatment plant. The total area is about 140 acres. San Joaquin kit foxes are known to occur in the area and conversion of the agricultural lands back to wildlife habitat could benefit the kit fox. An aggressive reclamation plan would have to be developed to return the land to a condition beneficial to endangered species. NEPA established a national policy for the environment. The purposes of the act were to declare a national environmental policy, and promote efforts to prevent or eliminate damage to the environment and biosphere. The major impact identified in the Environmental Impact Statement (EIS) prepared for petroleum production at maximum efficient rate (U.S. Department of Energy, 1979) was a reduction and degradation of habitat. Concern was also expressed for the eventual recovery of the disturbance since revegetation efforts to that point ( 1979) had not proven successful.
Mitigation measures were not fully addressed in the EIS but were deferred to compliance with the Wildlife Management Plan (Section 2.1.4) being updated at that time. Mitigation required through consultation with the U.S. Fish and Wildlife Service under Section 7 of the Endangered Species Act would also meet the requirements of NEPA. In the event a supplement to the 1979 EIS is prepared mititgation measures identified in the mitigation action plan and the record of decision will provide further direction regarding reclamation requirements on NPRC.
Endangered Species Act of 1973
The policy of Congress as stated in the Endangered Species Act is to ensure that actions authorized, funded or carried out by all federal agencies do not jeopardize the continued existence of endangered or threatened species or result in the destruction or adverse modification of their critical habitat. The effect of this Act on habitat reclamation is described in Section 1.1. This Order establishes procedures for compliance with NEPA. As NEPA established a broad national policy, DOE adopted the policy of full compliance to both the spirit and letter of the NEPA, to assure incorporation of national environmental protection goals in the formulation and implementation of energy programs, and advance goals of restoring, protecting, and enhancing environmental quality.
6430. lA, General Design Criteria
This Order provides general requirements for site development. The requirements focus on the minimization of the impact, topsoil salvaging, and reestablishment of natural flora on areas disturbed by construction activities. It states that the "Disturbance of the natural terrain shall be minimized . . . and "where feasible natural flora on or adjacent to the construction site shall be preserved and protected from vehicular and pedestrian traffic . . . 'I.
It further requires that topsoil be preserved and stockpiled for revegetation efforts. Revegetation of areas disturbed by construction should be designed to restore the site to predisturbance conditions. When revegetation is not feasible due to adverse climatic conditions, terraces, dikes, chemical soil stabilizers, or mulches should be used to stabilize the soil. The natural terrain of NPRC is dissected by steep cut and fill slopes and flat compacted areas created as wells were developed. Soils were often contaminated as the wells were brought into production (O'Farrell and Mitchell, 1985) . Some areas that were disturbed during early production years are still in use today. However, many others are no longer used and plants have invaded the sites. In other instances, due to soil compaction, contamination, or severe alteration of the topography, the restoration processes are impeded and require man's intervention.
Early attempts to restore disturbed lands on NPR-1 to preexisting conditions were "rarely . . . successful" (U.S. Department of Energy, 1979) leading to the conclusion that one of the unavoidable effects of oil and gas production and MER would be the loss of habitat. Reclamation technologies have improved since then. Acts such as the Surface Mining
Control and Reclamation Act of 1977 (SMCRA) on a federal level and the enactment of state mining regulations, although more applicable to hard rock mining, refined previously accepted or standard reclamation procedures. These laws stressed that it was no longer good enough to spread seed and walk away. Greater emphasis was placed on "restoration" of the disturbed habitat. Restoration implies more than reestablishment of plants on a disturbed site, which process is more appropriately defined as revegetation of disturbed lands. Reclamation was synonymous with restoration in the minds of those people who managed early reclamation programs. The term restoration is now much more involved and includes the restoration of soil micorflora and microfauna, as well as native wildlife and plant species.
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The demand on the reclamation community to restore a disturbed site to pre-disturbance conditions created an increase in research in all phases of the reclamation process. The primary objective of habitat reclamation on NPRC is to establish a diverse, stable plant community on disturbed sites with the long term goal of supporting a greater abundance and diversity of wildlife species. The habitat conservation program consists of three intermediate objectives. The first focuses on site selection and includes establishing site selection criteria and procedures. The second objective is to establish techniques for reclamation of disturbed habitat on NPR-1 and to document the success of revegetation efforts.
SELECTION OF RECLAMATION SITES
Beginning in 1985 and continuing through FY92 disturbed sites located within the boundaries of NPR-1 have been selected for reclamation. Prior to 1989, sites were selected by driving the roads in a each section and looking for disturbed sites. This method proved to be more time consuming and less efficient than was desired. Many potential revegetation sites were not detectable using this method.
In 1989 disturbance maps generated from aerial photography were used to locate trails, scraped areas, well pad sumps, borrow sites and other sites that could be considered for reclamation. Each disturbance was located in the field and was evaluated as a potential reclamation site based on (1) whether the site was abandoned and planned for future use, Abandoned facilities will become a major source of reclamation sites in the future. The Unit Operator identifies those wells that will be taken out of production. After the wells are abandoned by the Unit Operator, a description of the site and a map showing the location is sent to EG&G/EM and the site is scheduled for reclamation during the next fall reclamation season.
Contemporaneous reclamation is an ongoing activity carried out jointly by DOE, EG&G/EM and the Unit Operator. The Unit Operator monitors projects and reports to DOE when a project is completed and reclamation is required. A brief description of the site along with a site map are sent to DOE. DOE reviews the reclamation request and forwards the information on to EG&G/EM. EG&G/EM visits the site and determines what reclamation techniques should be employed and the site is scheduled for revegetation during the next fall reclamation season.
RECLAMATION TECHNIQUES
After a site is selected and approved for reclamation, specific reclamation techniques are determined. Reclamation specifications have evolved since reclamation work began on NPR-1 in 1985. Specifications were generated when reclamation work became operational in 1985. Since that time they have been reviewed by the Unit Operator, DOE, Chevron U.S.A. (CUSA), CDFG, and FWS. In 1991 the specifications were reviewed by a Task Force comprised of representatives from DOE and CUSA. Several recommendations were made by the Task Force (Chevron U.S.A. , 1991), all of which have been incorporated into the specifications currently used on NPR-1 (Appendix B). Specifications shown in Appendix B are those currently used.
Briefly , reclamation procedures at NPR-1 include site preparation, seeding and mulching. Site preparation includes ripping of compacted soils, disking and harrowing to break up large soil aggregates, redistribution of stockpiled topsoil, and the addition of soil nutrients. Ripping and disking improves soil aeration, improves water infiltration, provides a looser, cooler, more moist soil for seed germination, and improves seed-to-soil contact (Vallentine, 1980) . Current Unit Operator policy and procedures specify that during any construction project, the surface 6 inches of topsoil is removed and stockpiled. Topsoil stockpiles are seeded to stabilized the soil and insure biological activity. The topsoil can then be used during reclamation of the construction site or on a site that is being reclaimed in the near vicinity. The addition of topsoil has shown to improve overall plant cover (EG&G/EM, 1989).
Once the site has been properly prepared, it is seeded. Drill seeding is the most common method of distributing seed, although seed is handbroadcasted on sites inaccessible to drill seeding equipment, primarily cut and fill slopes.
Seed mixes and rates used on NPR-1 have been tested since the early 1980s (O'Farrell and Mitchell, 1985; Wolfe, 1986; Anderson, 1987) . Originally a wide range of species were used in reclamation work, because superior performing species were unknown. The use of native species was restricted since preferred native species were not available in commercial quantities. When seed is available the high cost usually prohibits its use on a large scale.
After five years of reclamation work and monitoring reclamation success, a list of preferred species has been developed for reclamation work on NPR-1. The list was reviewed and approved by the Task Force and includes shrubs, grasses and forbs (Appendix B, (USDA, Forest Service, 1979; Thornburg, 1982; Vallentine, 1979) .
Timing for seeding of disturbed sites is critical and is completed in the fall, just prior to fall and winter precipitation (NPI, 1985; Pluwner et.al., 1968; Reclamation Task Force, 1991) . Under the sporadic precipitation conditions characteristic of the southern San Joaquin Valley, fall seeding affords the seeds the greatest potential for germination and establishment.
Once the site is seeded, a straw mulch is applied at a rate of 34,000 lbs. per acre. The mulch conserves soil moisture and adds needed organic matter to the soil (Kay, 1978; USDA Forest Service, 1979; McGinnies, 1987; NPI, 1985; Oaks, 1982; Thornburg, 1982) . Good soil moisture is important for seed germination and plant establishment. The mulch increases the amount of organic matter in the soil, which in turn leads to an increase in biological activity and a more complete restoration of the site.
2.5
RECLAMATION MONITORING
The reclamation monitoring program was designed to evaluate initial plant establishment and growth, and overall condition of reclamation sites. 
.1 Procedures
Initial plant establishment and growth are monitored during the first five growing seasons.
Sampling occurs between April and June. Maps generated from the GIs database are used to locate each site that has been revegetated. At each site a visual estimate of plant cover, litter cover, and species present are recorded. The use of the site by wildlife is noted by direct observation or by signs of use such as the presence of burrows or scat. Erosion on the site is also classified into 1 of 5 subjective categories and a photograph of the site is taken for year to year comparisons. All information is recorded on a field data sheet (Appendix C) .
Results
The results of such qualitative monitoring efforts have been reported in EG&G/EM technical reports (EG&G/EM, 1987; EG&G/EM, 1988; EG&G/EM, 1989; EG&G/EM, 1990; EG&G/EM, 1991) . Vascular plant cover on sites reclaimed in 1985 and 1986 is lower than on sites reclaimed since 1987 (Table 3 ). In the first years the reclamation program was operational changes were made in revegetation techniques which may in part account for the greater cover values in more recent years. It is encouraging to note that after just a couple growing seasons vascular plant cover on sites revegetated in 1990 and 1991 is near 50%. This is most likely attributable to the above normal precipitation received during the growing seasons in 1991 and 1992.
Based on the results of qualitative evaluations, remedial action was first taken in the fall of 1991 on 32 sites that were reclaimed in previous years. The majority of the sites had been re-disturbed and reseeding of the sites was the remedial action taken. At other sites earthen berms or pipe and cable barriers were placed to discourage future inadvertent use. The 32 sites totalled approximately 10 acres.
Vascular Plant Cover and Shrub Density on Revegetated Sites
Procedures
Currently there are over 1,000 sites on NPR-1 that have been revegetated. In the spring of 1992 and 1993 plant cover and plant density by species were determined on a 10% subsample of sites reclaimed between 1985 and 1992. Vascular plant cover was determined by sampling 100 points along a linear transect. The length of the transect varied depending on the size of the reclamation site. If the site was large enough a 100-meter transect was used. Five points were sampled at five-meter intervals for a total of 100 points. Plant 
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--density was determined by recording the number of individuals of each species of plants found within 15 0.25 m2 quadrats placed at equal intervals along the transect. Shrub density was determined by recording volumetric reading for each shrub found in a belt transect. The number of square meters sampled depended on the size of the site, but a 2-m by 100-m transect was commonly used. closer to 2,800 shrubdacre. Currently shrub densities are much higher on reclaimed sites than on adjacent undisturbed sites, but will probably decrease over the next few years as herbivory increases and competition for resources intensifies. Shrub seeding rates in 1992 are about 20% of what they were in earlier years (1985) (1986) (1987) .
RECLAMATION RESEARCH
Field testing of reclamation techniques, plant species and different ways of improving the efficiency and effectiveness of the habitat reclamation program is an ongoing process (O'Farrell and Mitchell, 1985; Wolfe, 1986) . Some research plots are established as part of the overall reclamation program, other sites have been established specifically to test (1) species performance on different types of disturbance (Anderson, 1987) , (2) the effect of topsoil on plant establishment and production (EG&G/EM, 1989), (3) slope stabilization techniques (EG&G/EM, 1989), and (4) the use of transplants to establish shrubs on burned lands (EG&G/EM, 1992b). Other research needs may be identified during the course of this plan and will be included in the reclamation research program for NPR-1. a
DELIVERABLES
Information on the habitat restoration program at NPR-1 has been disseminated since the early 1980s. Reports have been prepared and distributed, papers have been presented at professional meetings, and annual briefings on not only habitat reclamation but other aspects of the endangered species program have been presented, in an effort to provide other federal and state agencies and interested parties with information on NPR-1 's habitat restoration program. Although there has been no formal submission of specific information as requested by FWS (U.S. Fish and Wildlife Service, 1987, page 23), specific information relating to the on-site restoration program has been and will continue to be made available to them. The following list of deliverables represent how information will be provided to FWS.
Annual Report of the Endangered Species Program at NPRC
Reports will include information on: 
COMPUTATION OF DISTURBANCE ESTIMATES
A portion of the 6,079 acres of land disturbed on NPR-1 as of 1988 (MER) were disturbed prior to 1976. To quantify the amount of land disturbed as of 1976, aerial photographs of NPR-1 taken in 1975 and a dot grid methodology (Bryant, 1943; Mosby, 1980; EG&G/EM, 1987) were used. Transparent dot grids were overlaid on aerial photographs taken in 1975. The proportion of dots intercepting disturbed and undisturbed areas was obtained. This procedure was completed for each section of land within NPR-1 boundaries. The number of acres disturbed was determined by multiplying the percentage of disturbed land within that section by the total number of acres in the section. There were 3,603 acres disturbed in 1975, which is 7 % of the total NPR-1 acreage.
Disturbance Estimates
In 1988 EG&G Energy Measurements, Inc. completed an inventory of disturbed parcels of land within NPR-1 boundaries. Disturbances were mapped and categorized into 1 of 14 different types of disturbance (Table A- 1) . This information was entered into a geographic information system (GIs) database and tabular summaries were generated. A total of 7,085 acres of land was categorized as disturbed as of June 1988.
Adjustments were necessary so 1988 disturbance estimates were comparable to disturbance estimates made in 1975. Most adjustments were made to disturbance categories that are not associated with MER activities and include disturbance categories for agriculture, aqueduct and residential disturbances. Neither the agricultural or aqueduct disturbances were included in disturbance mapping in 1975. In 1975 agriculture areas on NPR-1 were classified as undisturbed and the aqueduct did not appear on the photographs. The 1988 estimates of disturbance for these two categories, agriculture (369 acres) and aqueduct (132 acres), were subtracted from the gross number of acres disturbed. The residential area of Tupman was considered in both 1975 and 1988 disturbance estimates, however, it is not considered part of MER development and 45 acres were deleted from estimates for both years.
Taking these adjustments into account yields a gross adjusted disturbance estimate of 6,079 acres. This is obtained by reducing the gross estimate of 6,625 by 132 acres of land disturbed by the aqueduct, 369 acres of agricultural lands, and 45 acres of residential areas.
Approximately 2,598 acres were evaluated for potential reclamation. Disturbances classified as well pad sumps or gully plugs, unimproved roads, pipeline rights-of-way, soil borrow or scraped areas, and miscellaneous disturbances were considered to have the highest potential for reclamation. The remaining disturbed areas represent lands that are currently used for oil and gas production activities and include disturbances for well pads, roads, pipeline corridors, tank settings, maintained sections of the firebreak.
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a Approximately 1,585 acres of the 2,598 acres evaluated for reclamation potential were reclassified as naturally revegetated ( As the inventory for potential reclamation sites was made, it was discovered that many lands originally classified as disturbed, have naturally revegetated since they were disturbed, which may have been as long ago as 50 years. Classification of a site as disturbed was based on lack of vegetative cover or an alteration to the natural topography of the land. Disturbances such as old roads, trails, diked washes, etc. that may have only been used temporarily appear as disturbed land. Upon site inspection, many of these areas were found to support a vegetative cover similar to that of adjacent undisturbed lands. In some instances the degree of disturbance was more evident, but the site had revegetated to a point that, in the opinion of the plant ecologist, did not justiQ re-disturbing the site to seed and mulch it.
Land Disturbances Due to MER In order to compare 1975 disturbance estimates with 1988 disturbance estimates two important factors must be taken into account. One, is the difference in disturbance estimates due to different methodologies, and the second is the difference due to observer error. To correct the methodology error a 10 sections of land were randomly selected. Using the 1988 aerial photography disturbance estimates were made for each section using the Dot Grid Methodology. Dot Grid estimates were compared to GIs estimates using a simple linear regression equation. 
NPR-2
In 1988 EG&G Energy Measurements, Inc. inventoried parcels of land within NPR-2 boundaries and estimated the amount of disturbance for each section. Disturbances were mapped and categorized into 1 of 14 different types of disturbance (Table A-1) . This information was entered into a geographic information system (GIS) database and tabular summaries were generated. A total of 7,079 acres of land was categorized as disturbed as of June 1988.
Approximately 377 acres can be evaluated for potential reclamation. Disturbances classified as well pad sumps or gully plugs, unimproved roads, pipeline rights-of-way, soil borrow or scraped areas, and miscellaneous disturbances were considered to have the highest potential for reclamation. The remaining disturbed areas represent lands that are currently used for oil and gas production activities and include disturbances for well pads, roads, pipeline corridors, tank settings, maintained sections of the firebreak.
Approximately 474 of the 1,83 1 acres of the lands on NPR-2 that were originally classified as disturbed, have been re-classified as naturally revegetated (Table A-3) . Classification of a site as disturbed was based on lack of vegetative cover or an alteration to the natural topography of the land. Disturbances such as old roads, trails, diked washes, etc. that may have only been used temporarily appear as disturbed land. Upon site inspection, many of these areas were found to support a vegetative community similar to that of adjacent undisturbed lands. 
OBJECTIVE
This document sets the minimum requirements and specifications for preparation and revegetation of land disturbed by activities associated with the drilling and production of oil and gas. The ultimate objective of the revegetation is to rehabilitate endangered species' habitat to a condition similar to that either experienced prior to the disturbance or on adjacent areas that have not been disturbed.
SECTION 2. TECHNICAL REQUIREMENTS
2-1 GENERAL SPECIFICATIONS
Traffic Control
Whenever work creates a condition hazardous to traffic movement or personnel, barricades, lights, signs and other devices as are necessary to prevent accidents or injuries will be used. Loads or vehicles wider than eight feet travelling on roads must be preceded by a "warning vehicle" which has either headlights or warning lights turned on and a sign indicating the type of hazard to follow, i.e. wide load, etc.
Mud and Dust control
Measures shall be taken during all phases of the work to control mud and dust. All soil that impinges upon existing roadways or facilities will be removed. Removal shall be done by washing or grading as appropriate. Dust emanating from the work area and access roads will be controlled by wetting with water.
Working Adjacent to Parking Lots
When working on or near a parking lot, owners of parked cars or other mobile facilities are to be contacted to arrange for their safe removal from the area to prevent damage to any vehicles.
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Staging Areas
Staging areas for supplies are restricted to three sites on NPR-1. One area is located in Section 2G, north of Skyline; one in Section 18G behind Gate 45; and an area inside the warehouse area in Section 36s.
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SITE PREPARATION REQUIREMENTS e
Site preparation consists of site clean-up, ripping to alleviate soil compaction, disking to break-up soil aggregates, installation of erosion control structures, addition of soil amendments, and other tasks as may be necessary to properly prepare the seedbed. Site specific reclamation procedures are given in a pre-reclamation site inventory prepared for each site and are shown in attachment A.
Site Clean-up
Miscellaneous foreign materials will be removed to an approved disposal site to assure safe site access. Clean-up may include the removal of abandoned pipes, timbers and other debris. Waste shall be hauled to a permitted dump off site. Site clean-up also includes the removal of asphalt, which usually follows ripping of the site.
Ripping
Compacted areas such as abandoned roads, well pad surfaces or staging sites will be ripped to a minimum depth of 6 inches or to the depth indicated on the reclamation record. Ripping will be on dry soils. Roads containing asphalt will be ripped at a depth sufficient to remove all asphalt and leave an non-compacted, yet firm, seedbed. All asphalt will be hauled to a permitted dump off site. Average thickness of asphalt is 3 inches. Fugitive dust control will be as required by law.
Disking
Areas ripped and other surfaces with safe access (a slope of ( 3:l) will be disked to a depth of 4 inches with an offset disk fitted with a drag chain. Disking will be on the contour and done in a manner to avoid rilling and future serious erosion problems.
.
* 9 e
Erosion Control/Recontouring
Erosion gullies, berms along roads, and holes shall be filled to blend with the existing topography, to assure proper erosion control and to create a suitable seedbed. The replacement of topsoil will be done when possible. This includes but is not limited to the spreading of topsoils scraped to the side of roads and pipeline rights of way.
Water bars will be constructed on all abandoned roads and pipeline routes according to the following guidelines :
2% grade -200 feet spacing, 2-5% grade -100 feet spacing, 4-5% grade -75 feet spacing, > 5 % grade -50 feet spacing.
Waterbars will be constructed to drain freely to the natural ground level and to prevent siltation and clogging. The water bar should be a minimum of 1 foot deep, side slopes 2: 1 or flatter to allow traffic if necessary, and a grade of 1-3 % , sufficient to drain into adjacent natural vegetation.
Soil Amendments
Necessary soil amendments will be applied by the subcontractor prior to seeding and disking in the following amounts:
Phosphorus Nitrogen 20 lbdacre 20 lbs/acre in form of P204
Amounts are for actual amountdacre of each element. Fertilizer will only be applied on sites where a straw or native hay mulch is used. '
Miscellaneous Site Preparation
The surface soils of pipeline rights of way or abandoned roads that are to be revegetated due to repeated vehicular travel frequently become too powdery for successful reseeding, Drill, seeding, mulching and crimping are ineffective because both mulch and seed are buried at unacceptable depths (Section 2.3.1). Such soils shall be (1) artificially watered, or (2) delay revegetation until after the initial fall precipitation and the soil structure improves, or (3) mulch and crimp 3-4 tons/A of straw during site preparation, followed by seeding. An additional mulching and crimping may be necessary depending on the depth of the powdery soil and effectiveness of the original mulching.
REVEGETATION SPECIFICATIONS
Following site preparation seed will be placed in the soil by either drill seeding or handbroadcast seeding. Mulching and tacking of the mulch will occur after seeding is completed.
Drill Seeding
Drill seeding will be accomplished with a mechanical power-drawn drill followed by a drag a chain or packer wheels. Seeding depth will be between 1/4 inch and 1/2 inch with drill rows approximately 7 inches apart. Drill seeding will be done on areas with slopes of less than 2:l (horizonta1:vertical) and are accessible. Species included in the seed mix and the approximate rates they will be seeded is shown in Table D-1.
Hand broadcasting
Broadcast seeding will occur on sites unaccessible to a mechanical drill seeder or mulcher , The rate of seed application will be twice the rate used for drill seeding.
Mulching
All seeded areas (except those in 2.3.2) will be mulched with straw or native hay within 24 hours of seeding. Straw/native hay will be placed at a rate of 2 tons/A and where slope and accessibility permit crimped with a Caltrans (sheepfoot) type crimper immediately after. The minimum stem length for the straw mulch will be 6 inches.
On sites that are broadcast seeded the straw or native hay mulch will be hand broadcast at a rate of 1.5-2 tons/A. The straw will be secured with a 6-9 month photodegradeable netting. The top and bottom of the netting will be stapled at 1.5 foot intervals. U-shaped staples (6 inches long on rocky or compacted soils, and 12 inches on deeper soils) will be used. Staples will be placed at 3 feet intervals throughout the netting. The top and sides of the netted slope will be buried a minimum of 4 inches. Minimum stem length for the straw will be 6 inches. Seeding, mulching and crimping will begin in October and be completed by November 30.
Work hours are from daylight to dark, seven (7) days per week.
RECORD KEEPING
Reclamation Record
The date sites are prepared for revegetation, the date planted, treatments applied, etc., are recorded on the Reclamation Record section of the Habitat Reclamation Pre-Reclamation Inventory form (Attachment D-1). Each form will be signed by the person actually supervising the field work, so procedures are verified.
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